Symmetries of the SM
• The SM is invariant under local transformations of the SU(3)xSU(2)XU(1) group, spontaneously broken to the SU(3)xU(1) Q subgroup • The SM has, additionally, 4 global symmetries :
U(1) B+L ;U(1) B-L ; U(1) L i -L j [i,j={1,2,3}] Last 3 are exact, but U(1) B+L has an EW anomaly, so is not a symmetry at quantum level • In addition, to solve the strong CP problem, one often invokes the existence of another global symmetry U(1) PQ , which has both strong and EW anomalies
• The existence of neutrino masses and mixings, inferred from neutrino oscillation experiments, provides evidence for physics beyond the SM • Neutrino mixings imply that individual lepton number is not conserved. In effect, because of observed mixing lose 2 SM global symmetries: mixing ↔ U(1) L i -L j no longer a symmetry • Existence of neutrino masses also affects the symmetry structure of SM, indicating the presence of new interactions beyond those of the SM which most likely violate U(1) B-L
Disquisitions on Neutrino Masses
• Since neutrinos have zero charge, besides the usual Dirac (particle-antiparticle) mass they can have also a Majorana (particle-particle) mass • Most general mass term has the structure:
where ν c =Cv † . Clear that m T , m S are Majorana mass terms, and m D is a Dirac mass term. These masses break SM symmetries differently
• From a symmetry point of view 
• Realized if one has Triplet mass. Two options: 
